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stiad  (if  (listilliil  wati  r 


wcU'  t(iriiu( 


tl 


n-  .uiiiiii  111   sih  tr  lutrati-  nn 


I  tliiii  slic,  1  111'  Solid  };i-latiiu',  which  had  liiiii  inipniiiuilcd 
with  a  --iiKiH  i|naiilit\  "I"  ])(ilassiiiiii  niriMiiatc  I'o  a  )  pirciiit 
^tlaliiu    soiiilioii   was   afUli'd   ])(itassiuiii   chiniiiatr   to  make  up 


iliiiihir  waii,'lit   jHT  hire         I'w 


I)    CCS    ()I 


th 


)hi- 


lioii    Wire    pouird    im    a   k1''^>   plate    i  V    ,"  X  4',  i"j    kcjil  |)cr- 
iulK  li\c,  and  alUr  the  j^d  hud  set.  a  dioj)  of  lo  :,'r.iiii  mole 
cul.a-  wii^ht  jur  litre  of  sihiT  iiitrati'  solution  was  allowed  to 
fall  oil  the  cc  litre  of  the  j,'elatine  tilin 

Wlici  distilled  watir  was  used  the  resnltini,'  rin;^  forma 
lion  was  as  sIkjwii  in  l"i>;  i,  with  slij,dit  luai^niliculion  and  in 
Iml;  ■  Willi  inai,'nilicatioii  js  times.  I'ij;.  3,  iiuigiiiricatiuu 
^s  liiius,  sliows  the  elTi'ct  produced  hv  usins  tap  water  instead 
of  distilUd  w.iUr  As  the  tap  water  was  known  to  he  chlo 
rinated,  it  was  tlKuiKlil  that  chlorine  mi^dit  he  the  cause  of  the 
.i,'ronpiii4  of  tlu  rings,  'i'o  test  this,  a  ,<j;elatine  solution  was 
made  up  usini;  ]nirv  water,  and  to  ])arl  of  it  was  added  a  drop 
of  the  calcium  li\  jiochloriti'  solution  used  for  chlorination 
uMjdii  percent  frei'  chloriliei.  I'ij,'.  2  shows  the  nature  of  the 
precipitate  formed   in  the  sini])le  j^elatine  solution,   and   I'ins. 


and  0  that  of  tl 


cit)itate  formed  in  the  chlorinated 


le  precij)! 

sohilioii.      It    is  e\ident   that    the  chlorine   and   tlr 
ol  llie  riiii;s  is  in  some  wav  connected. 


ipini; 


Whin   the  sihcr  nitratt'   drop  was   added   to   tlu'   liltn   a 
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tlic  .li>t:ina-  fn.iii  th,    ,,iili.      I'i-     (        If,  liowm.-r,   t\w  -.-l 
was  alliUMd  to  ^  .   lui    ,i   Idn-,  i    nnir  luinri-  tlir  adilitiou  ol 


Killiisiimof  Mlvtr  iiiii.Ur  M.luli.m  int..  ^.datiiic  solution  made 


ni(Illv!im  of  silver   niir.Uf  solution 
into  iifl.itmv  solution  in;i(lc  with 
piiu  w.itvT       Mi^iiii;    itiun  .'5 


the  difTusiiii,'  rtai^iiit.  the  rin),'s  apjK-aP d  as  in  I'i-.  ,5;  and  if 
a  still  greater  interval  elajised  l.elore  the  dilTiision  heijan  the 


I 


lU'    -.1 

iuti  ul 


hjJCit   OJ    i  hii'ili!.-   ''II    I'cruhlh     i'lii  Iptlilllt 


^•^7 


n)iy;s  u.  tc  in  ^roiiii^  like    ilinsr  „f  I-'j^r    (,       \\  In  n  tlu-  (lifTu;,Jon 
l)i';4;iii    It  .1  <(ri.iiii  st,iL;(    ill  tin    -iittiii^  nf  tin-  ^i  I    all  li.ui'  nf 


I  1.     ; 

Iiillii'iciii  nf  -i!vi  I  mil, III      iiliiiiiMi    I'll!   ii'.ilim-   ^iiluliciii 

tn,ii!f  Willi  t  iji  w.itii,      M. unit, c. limn  :t, 


1(1    if 
thf 


IiilTii-.ii)ii  nf  ^il^^■r  nilniU-  ^dliilioii  iiiiDiinu-  w.iUr  tclaliiic 

sciliuioii  cdiilaiiiiiii;  a  triu-c  ii(  r.ilciuui  livpiu  hloriti- 

IntiTval  liitHCfn  inakini;  of  lilm  and  ailditio  i 

of  drnp.  I  h.iiir        Ma-inifu  alioii  .' s 
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tlu-  im.niiu.li.itr  1111--  .li-aiipr.irc.l  an. I  tin-  pivripilaU'  was 
in  haiiil-  inadr  up  n:  -mnp--  "i  mm-,  llir  wiillli  "i  ^-f''  'i-'ild 
iK'inu.  ai)prnMH'.al.U     tlir  >anK-  as  tlm-r  pnidiuvd  111  llu'  olluT 


S;mi-   -i.liiiiiTS  .IS  in  Fin.  4      Tinu   inur\:il  1     .  Lours 
M:Kaiilk'uti.m  .'.■, 


l-'in.  ', 
SaiiK-  siilulicias  .IS  111  Im.;,   t-     Tiiiil'  iiUirv.i!  4  liours 

M.l.,llirK;lliuIl  -'5 


l! 


EJfCit  of  ('hlorinc  «n   I\-rio,li,-  Pn\ipiUiti,ni  r.;o 


tilni^  ina.li-  Item  llic  ^;mu'  -ilatiiu-  lli--^(llv^<l  in  pure  w.iUt 
,111(1  ]>imrc(i  (lUl  at  tin-  ^anu-  liim  I  lii  -olt.r  tlir  .;i'.,  \w 
-iialif  tin-  alia  nl'  (litTii^iini 

H:  I  »l,srr\aticiiis  made-  1)^  iiicaii--  nl'  tlu  iiiirfoMopr  (hl^itl,^' 
Ilh  I'liriiiation  nl'  riii-->  liki  tlinsc  of  I'i>;  \  hicni-lit  (Utt  the 
lad  tliat  llif  I'ltic  baiuK  win-  tn  he  mtii  oiilv  faiiith  at  fifst 
anil,  iiii(Kr  tin-  lii-li  jxiwit.  llir  tiii\  rrvst.iN  cniilil  he  mcu 
cuiiir;  into  \ii'\v,  tlir  urowlli  ol'  llir  riii-  luiii-  laUr.il  liMin 
tlii'sc  faiiil  l)an(l>  a  sicond  pn'ci|)itaU-  was  inniu-d  -n  tli.ii, 
ulun  (liriti-.ii'n  \\,is  iiu'(ini])lrlf,  two  distiiut  aria-  wvir  to  lie 
-nil,  llu  iniui  mil  havini;  rin;^-  iiiiuh  d.irktr  than  the  niiti-r 
<iiu- 

I'nr  riiiL;-  nbtaiiuil  li\  addin,;  tlu  dilTn-inii  n-.i-i  lit  ,iltir 
a  li.ii'jri  linu  h.id  ilap-Kl  Iroiii  tlu'  poiiriii'^  mit  (j1  ihr  v;cl- 
atiiu  .  tlu  -,inu  kind  ol'  tltini;  orniifi-d,  i\i'f|)t  tli.it  in  the  iniRT 
ana  ol  dil'l'ii-ion,  llu'  si-coiular\  yirrciiiil;.tc-  foriiU'd  onl\  on 
altiriiatc  u'onp-  ol  riii^s  '  I'ii;,  5', 

■jiu  uiowtli  ol  till'  tin,:;-  in  tlu-  lllni  wliirli  had  -it  lon,i,'i-t 
l)i-foii'  tlu-  ,id<litioii  1)1  thr  sihrr  iiitrati-  drop  I'i.u,  '"  wa-  tlir 
-aiiii'  a-  in  thr  nihil  lilin-,  ;  ..  -onif  crvsta'-  siiddi'ii!\  aj)- 
jiiarrd  m  thr  fuld  ol  \  iiw  .uul  in  a  \  try  -hurt  tiiiu-  others 
ajipi-arrd  Ik  -idi  tluiii  --o  that  iindrr  the  low  jiowi-r  tin  riiij;s 
Win-  to  lie  -It'll  -irtli-hiii'^'  out  Ifii^thwist-  TheSf  la-l  rings, 
liowt\tr,  ditl  not  loriii  a  continuous  st-ries  hut  wi-re  like  those 
loniitd  last  in  the  -ofler  K<.'h'tiii«-'.  <-li<-'  •'"l)''  dilTerenee  in  their 
lorniatioii  beiiii;  that  there  were  no  jiriinarv  rings  upon  which 
the  preci])itatiun  took  place. 

Ill  order  to  shov,  the  significance  of  these  results  some 
aifoimt  of  the  work  which  has  been  done  upon  the  subject  of 
pi-riodic  ])reci|)itates  must  be  given. 

The  lirst  explanation,  and  the  one  most  generally  accepted 
is  that  due  to  Wilhelni  Ostwald.'  He  said.  "By  the  dilTu- 
sioii  of  the  siher  salt  into  gelitiiie  containing  chromate.  pre- 
cijiitation  does  not  take  place  until  the  metastable  limit  has 
passed.  This  naturally  happens  in  a  circle  conccnttlc  with 
the  droj).  Silver  chromate  in  relation  to  which  the  neighbor- 
hood  of   the   ring   is   suixrsaturated,    de])osits   on    the   ])reeip- 
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ilatr  aliiath  Idinuxl  and  sin  iiL;tluiis  it.  tliis  coiitiiiiii'S  miiil 
the  wliok'  nf  tlu-  soluiilf  iliimiialf  has  hciii  r^■IIl()\  t'd  frniii  the 
iK'i,<;lil)oiii(>(Ml  and  (!i])cisilKl  on  tin-  precipitate,  'i'lie  silver 
salt  diffnsiiiL;  on  Inrther,  snpersaturates  a  new  circular  strij) 
and  the  process  rcj)eats  itst  If.  Since  the  siKcr  nitrate  hecotnes 
nidre  dihiti-  hy  dilTnsion.  tlu  critical  concentration  at  which 
pricipitalion  hei^ins  is  reached  latir  and  later  and  the  rinj^s 
form  further  and  further  ajjarl.  ' 

Morse  and  Tierct'  carrinl  on  an  extinded  in\esti^;atic)n 
of  tliis  phenomenon  n^inu;  c,ipillar\'  Inlus  and  Nased  their 
e.\])Ianation  upon  <  isiwalilV  suiK-rsaturation  theorv.  Thev 
calculated  that  wIkii  tln'  preupitation  takes  place  the  concen- 
tration^ one  --cxentx  lifth  to  one  two  lunulredth  of  normal  for 
the  chroniati'.  'I'Ira-  ohtained  i)reci])itates  in  pure  water  hut 
found  the  rate  of  dilTnsion  Usn  than  for  ,i,'elalini'. 

Ilausmann'  su^.;e--ted  that  the  coni])ounds  are  present  in 
the  colloidal  stale-  l)rfnre  supirsaturation  is  reached  and  i)re- 
ci])itation  occurs  He  showed  that  tlu'  reaction  dei)inds  onlv 
on  the-  itins  inxohid  in  the-  iire-eipitate'  and  not  on  tiiose-  com- 
liined  with  ihe-ni  and  that  the-  sp^i-d  of  the-  reae'tion  (le-])ends 
on  tlu    ion  whieh  ditTusrs  into  the  ;;(1  and  not  U])on  the  one 

(hst:nu-e- 
wliich   is   pre-sint    in   the-  ml,      lie  fcjinid  that  is  coii- 

\  tmie 

slant  as  had  Morse-  and  I'ie-re'e. 

llatse'lu-k  ust-d  preparations  of  ^elatiiu-  containini;  lead 
iodide  and  potassimn  iodide  and  ditTused  a  solution  of  lead 
into  it.  The  rini^s  of  Irad  were-  formed  as  tlu)Ui;h  no  lead 
iodide-  were-  alr(-ad\  present  in  tlu-  ,i;e'l  which  would  indicate 
that  supe-rsatmation  does  not  wiiolh-  explain  the  periodicit\' 
of  ])reci])itate-s 

Lie-se-,i;ann'  e-onside-re-d  that  the  spiral  forms  which  he- 
jiroduceel  in  place'  of  concentric  rin,t;s  and  which  he  rej^arded 
as  iieint;  due  to  some  slii;ht  disturbance  were  in  no  sense  at 
variance-  with  the  su]H-rsaluration  elTe-cl.  He  also  showed 
that  a  e-e-rtain  amount  of  aciel  aiifl  ijelatose  is  necessary  for  the 
formation  of  jx-riodic  ])reci])itates  and  that  commercial  gela- 
tine- usnall\-  contains  these-  in  about   the  ri;.;lu   projiortions. 


EjTirt  of  Chliri'u-  .>;;    I'rf'hhi'u    f'>i,  il^iltiliiiii 


fi5' 


M:ni-^ticl(r  workfd  with  '^i-latiiH'  tilius  and  in  tin  main 
tlir  !rai;rntN  nscd  wen-  ])()lassiniii  chroniati-  and  siKcr  nilrati' 
uf  (lilTrniit  contnilratiiMi-^  \lv  ^tnmvcly  tndnrsi'd  tlii'  sii])tr- 
^atnration  idea  and  rnlar,i;cd  ni)()n  it  sonu-wliat ;  lie  showi-d 
that,  actordiiiK  to  it,  tlir  hands  may  hf  (.-(inally  s])acc'(l  or  at 
(liniini^hin,:  or  iiurtasini;  distances  apirt.  He  emphasizes  the 
f  111  that  the  rate  of  dilTnsioii  is  an  important  factor  in  the 
formation  of  rh\  thniie  preoijiitates. 

I'.tadford"  ])ro]iosed  the  thi'orv  that  the  I.ieseL^aili;  ])hiiioin- 
enoii  niiL;ht  lie  chie  to  '^rafhial  adsorption  of  tht-  potassium 
ehrmnate  solution  in  the  Ljel  1)\-  the  jjrowin^^  ])recipilale  so 
that,  the  adjaeent  layers  of  ,i;el  heeomin;;  weak  in  the  eliromate 
solution,  the  sihcr  nitrate  would  hi'  ahle  to  dilTuse  further  into 
tlu  ^il  hefon  eounnenein^;  to  form  a  fresh  hand  of  preeijiitates. 

We  shall  now  eonsider  the  hearint;  which  the  ])ri'\  iouslv 
desrrihed  results  have  ujion  the  theories  hrou'^hl  forth  hy 
ihist   dilTerent  workers. 

The  liner  rini;s  art'  what  I.iest':4an,L;  calls  the  siher  chlo- 
ride ]ire(  ipitates  and  those  of  spaeini;  sueh  as  is  foiuid  in  j^el- 
atine  washed  in  jiure  water  and  containiui;  onl>  potassiutn 
chroniate  he  calls  siher  cliromati.'  jirecipitates.  In  his  work 
till'  two  t\pes  seem  to  ha\e  heeli  (|uite  distinct  and  to  have 
shown  no  interaction  such  as  suj;f,a'sted  hy  Fig.  5.  In  the 
work  done  to  date  rinr;s  were  not  ohtained  in  the  }j:elatine 
solutions  except  in  the  presence  of  the  chroniate  so  that  the 
■  sihir  chloride"  rings  could  not  he  accounted  t"or  (.itlier  on 
the  hasis  of  su])ersaturation  or  adsorjjtion  as  these  li\j)otheses 
an  iireseiited  hy  Stanslield  and  Bradford.  The  finer  set  of 
hands  would  seem  to  have  a  catalytic  effect  u])on  the  secondary 
pricii)itate  so  that  the  characteristic  "siher  eliromate"  hand 
is  suhdivided. 

Neither  the  supcrsaturation  theory  nor  the  adsorption 
tlieor\  lakes  into  account  the  medium  in  which  the  dilTusion 
takes  ])lace  and  that  appears  from  this  scries  of  experiments 
to  h(  of  paramount  importance.  Periodic  precipitates  were 
not  ])r<jduced  except  when  the  gel  was  in  a  ])articular  state. 
If  loo  much  or  too  little  acid  was  present  in  the  gel  the  pre- 
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cipitatc  Was  iinil'iiiiiil\    ilisli  ihiitcil  .uduiul  tin-  I't'iitral  pLilt   uf 
tlu'  limp  lucaiiM-  tlu   niuliciilar  idiisliluliou  ol'  tlic  ;^(1  is  alli  rrd 


ia.-;    7 

I)il"ln-ii'ii  >>\  >'!\ir  mil    Ii  ^'Thainij  mtn   ;.i;n'   water  ^il  ili'ir 

Miiuticiii  (oiitaiiiini;  a  trail-  rA  loinnn'ii  -alt       liilirval 

I  ctwi'cii  inakitii:  (if  liliii  ail'l  adilitioii  i.f  .Imp,  i 

llcilii        Ma;;lliri'atiiiii  .'5 


Sana'  Milut  nii^  a,  111  laj;    7      Tiini.'  iiitLTVal  t,  lluur^ 
Ma.  lira  atii'ii  j^ 


1 


h'.tJ.il  III  (Iditriih-  on   I'tiirdii    frct  ipildlioii  ()3,^ 

S.I  ill, it  tlh  liutlmiir  tlTcct-^  do  iitit  iippiur  'I'liat  Hk'  addi 
timi  oi  til',' I  f, 111-  III'  tin-  caliiuin  li\  pochimitr  sciliuimi  (ir  i-diii 
ni'iii  -.dl  111  iIh-  ml  |)iiidiui-^  ,1  cliaiiuc  nl  -.tali  i-.  i  sidiiirnl  li\ 
llir  larl  that  nilatiiii-  suhitidii^  tn  which  llu-st'  Ikim-  bi-cli  added 
■I  1  nmrr  <|iiicklv  tliaii  ihr  --tcn-k  sdhitioii  and  krpt  liiiiL;rr  with- 
mil  lii|iul\iii-  This  chaii,i;r  nl  stale  is  acci  mipanii  il  li\'  a 
rii,ill.;i  ill  llu  lialllli'  nf  th<  |)riripilalr  l\\rii  tin  cilaii:;r  ill 
till    ,1  ]  diu    111  liMliatiiiii  iiiiichu'rs  a  diruuiiir  iii  llu    liii-s  ;is 


'ii\ii  irtr.i  If  ililTns'Uj  !iili>  piiic  Lt^:ii    wmUt   s.iIiiiiimi  run 
I;ini  lu  tr;n  I'  nl  i  .th  iuni  h\  i  ik  iilnriU' 


is  shiiwii  ill  i-'i'^s.  s.  'i.  7  ;i"d  S.  Riiit^s  weri  produced  in 
ULjar  wluii  chloriiii-  was  preser.t  and  showed  tlu-  sanie  spacing; 
as  in  the  i^ilatine  and  a  certain  slate  of  the  ,i,el  can  prohiihly 
lie  loiiiid  siu-li  that  the  ])reci])itates  corres])on(Hn,L;  to  the 
lar:;er  rin^s  also  a])])e  ir.  Any  theorv  which  does  not  take 
into  account  the  inedinin  in  which  the  dilTusion  takes  jiiuce 
is  not  coiiclnsi\e.  I'or  instance,  if  the  j;elatine  in  hardeninj;;, 
loniis  larijiT  and  'ir^er  tjlohnles,  such  a  circumstance  may 
deteniiiiU'  whether  the  rin,L;s  are  closelv  spaced  as  in  I'ip.  4  or 
widely  distributed  as  in  I'iii;-  <)■ 
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